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Executive Summary 
The Surface Water Improvement and Management (SWIM) Act of 
1987 was enacted by the Florida Legislature (Chapter 87-97, Laws 
of Florida) to restore and protect water bodies of regional or 
statewide significance. The SWIM Act indicates that Tampa Bay 
and its tributaries should be given priority for restoration by 
the Southwest Florida Water Management District. The SWIM Act 
requires that a water quality assessment be conducted for Tampa 
Bay. 
The Water Management District adopted and the Florida 
Department of Environmental Regulation approved a SWIM management 
plan for Tampa Bay in 1988. That plan established a water 
quality assessment process to be carried out by the SWIM program 
to develop a strategy for restoring and protecting water quality 
within the bay. 
Previous water quality assessments have been performed for 
Tampa Bay by a number of federal, state" and local government 
agencies, including the Federal Water Pollution Control 
Administration, Florida Department of Environmental Regulation, 
Tampa Bay Regional Planning Council, Hillsborough County 
Environmental Protection Commission, and City of Tampa Bay Study 
Group. Those assessments have identified cultural eutrophication 
(excessive fertilization due to increased nutrient discharges 
caused by human activities in the watershed) as a significant 
water quality problem affecting the bay. Symptoms of 
eutrophication have been observed most frequently in Hillsborough 
Bay, but also occur in portions of Old Tampa and Middle Tampa 
Bay. Those symptoms have included the development of nuisance 
algae blooms, the occurrence of highly variable oxygen levels 
within the water column, and the presence of depressed oxygen 
levels on the bay bottom. Related symptoms include increased 
turbidity and decreased water clarity, reduced abundance of 
desirable, pollution-intolerant plant and animal species, and the 
closure of shellfish harvesting areas due to fecal bacterial 
contamination. 
As one phase of its water quality assessment effort, the SWIM 
program has funded the Tampa Bay Nutrient Monitoring Project. 
The purpose of the project is to provide additional information 
concerning the nutrient(s) responsible for the present 
eutrophication problem and the sources currently discharging 
those nutrients to the bay. This report addresses one task of 
the nutrient monitoring project, the development of "interim" 
(i.e., preliminary) annual budgets for the macronutrients 
nitrogen and phosphorus in Tampa Bay's major sub-basins. For the 
purposes of the report, those sub-basins are defined as 
Hillsborough Bay (HB) , Old Tampa Bay (OTB) , Middle Tampa Bay 
(MTB) , and Lower Tampa Bay (LTB). The report uses the 
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Environmental Protection commission of Hillsborough County 
(EPCHC) database and other available info:mation in,an attempt to 
identify and quantify major sources and slnks for nltrogen and 
phosphorus within the Tampa Bay system. 
Preliminary drafts of this report were prepared by the firm of 
TAl Environmental Services, Inc. and revised by Ardaman and 
Associates, Inc. In doing so, both firms were acting as 
subcontractors to Foth and Van Dyke and Associates, Inc., the 
prime contractor employed by the District to carry out the 
initial phase of the nutrient monitoring project. The 
preliminary drafts began the development of the interim budgets, 
compiling a database describing nutrient inputs and outputs for 
the years 1986 and 1988. The present report builds on that 
preliminary work, but has been extensively revised, re-written, 
and expanded to include the period 1986-1991. The 1986-1991 
period includes years of substantially below-average (1989, 1990) 
and above-average (1987, 1988) annual rainfall and associated 
stormwater runoff. 
The report is organized in four major sections. sections 1 
and 2 provide background information on the estuary and its 
contributing watershed. Methods used to develop the interim 
nitrogen and phosphorus budgets, and the interim budgets 
themselves, are summarized in section 3. Conclusions and 
recommendations are discussed in section 4. 
The nutrient source (input) terms considered in the report 
include atmospheric deposition, fugitive industrial releases 
(from fertilizer shipping facilities located in the East Bay area 
of northeastern Hillsborough Bay), net freshwater transport (the 
down-bay transport of water and nutrients due to net annual 
freshwater flows), point source discharges (wastewater discharges 
from sewage treatment plants and industrial point sources), and 
non-point source (stormwater) runoff. Loadings from point and 
non-point sources were estimated separately within the 
downstream, tidally-influenced portion of the watershed an area 
, , 
from WhlCh adequate stream discharge and water quality data are 
difficult to obtain. Point and non-point discharges were 
combined into a single term when estimating loadings from the 
upstream (gauged and nontidal) portion of the watershed an area 
from which stream discharge and water quality data are ~eadilY 
available. 
Only two nutrient loss (output) terms are considered in the 
report: losses associated with the net flow of freshwater from 
the estuary, and a "sediment/other" . term that is used merely to 
balance the budgets. The "sediment/other" term is assumed to 
include the net losses of nutrients from the bay that occur due 
to factors such as deep burial in sediments denitrification and 
groundwater recharge, which are not included as explicit budget 
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elements. The need for such a term, which includes (and 
confounds) several important but unmeasured processes, is an 
indication of the preliminary nature of these interim budgets. 
The nutrient sources emphasized in this report are external 
ones which cause "new" nutrients to be discharged to the bay, 
rather than internal sources and processes that cause the 
recycling of "old" nutrients already present within bay waters or 
sediments. This approach was chosen because, from a resource 
management perspective, it appears that the continued input of 
new nutrients is the primary factor capable of causing future 
declines in bay water quality. Although old nutrients presently 
within the system will affect current and future water quality 
conditions, they should not cause additional degradation of water 
quality (i.e., degradation below existing levels) over the long 
term if inputs of new nutrients are successfully brought under 
control. Accurate identification and measurement of external 
sources of new nutrients is thus of particular concern to the 
SWIM Department for water quality management purposes. 
Measurement of internal sources (such as recycling of old 
nutrients from sediments on the bay bottom) is of secondary 
interest from this perspective, although estimates of those 
sources will be needed in the future to support the development 
of rigorous nutrient budgets and predictive water quality models. 
Interim nitrogen and phosphorus budgets for the major segments 
of Tampa Bay are shown in Table ES.1. within the table, columns 
labeled "low estimate" and "high estimate" are provided to 
indicate estimated ranges of the source and loss terms for the 
period 1986-1991. A column labeled "data gaps" is included to 
indicate areas in which additional information is needed to 
improve the accuracy and precision of the estimates. Data gap 
ratings for the estimates range from moderate to very large, a 
point that also indicates the preliminary nature of the interim 
budgets. 
Based on the interim budgets shown in Table ES.1, a 
preliminary ranking scheme can be developed to compare the 
relative magnitudes of external sources of total nitrogen (TN) 
and total phosphorus (TP) for the bay's major segments. For 
larger sources (i.e., those contributing 10% or more of the 
estimated annual loads), that ranking is shown in Table ES.2. 
The data suggest that Lower Tampa Bay received the bulk of its 
nitrogen and phosphorus loadings from Middle Tampa Bay in recent 
years, with secondary (but substantial) inputs from atmospheric 
deposition and non-point source discharges in the lower portion 
of the watershed. Middle Tampa Bay, in turn, appears to have 
received the bulk of its loadings from Hillsborough Bay. 
Atmospheric deposition, combined point and non-point source 
discharges in upper portions of the Little Manatee River 
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watershed, and non-point source discharges in the lower watershed 
apparently made up the second tier of sources for Middle Tampa 
Bay. 
Hillsborough Bay contains the poorest water quality in the 
estuary and appears to act as an exporter of nutrients to other 
portions of the bay. During 1986-1991, this segment appears to 
have received its largest TN and TP loadings from fugitive 
industrial releases and from combined point and non-point source 
discharges in its upper watershed. The bulk of those loadings 
were apparently caused by activities associated with phosphate 
mining and processing and the shipping of fertilizer products. 
Phosphate mining and processing are known to contribute large 
point and non-point source discharges of TN and TP to the upper 
watersheds of the Alafia and Hillsborough Rivers, and fertilizer 
shipping operations have recently been shown to produce large 
"fugitive releases" of nutrients from loading docks located in 
the East Bay area. Direct point source discharges, which are 
dominated by the city of Tampa's wastewater treatment plant at 
Hookers Point, made up the second tier of TN and TP sources for 
Hillsborough Bay. Because of its currently degraded water 
quality, and the fact that it appears to be contributing to water 
quality degradation in other bay segments, Hillsborough Bay 
warrants concentrated attention from SWIM and other resource 
management and environmental regulatory programs with 
responsibility for Tampa Bay. 
Portions of Old Tampa Bay possess degraded water quality 
similar to that seen in Hillsborough Bay, and also appear to 
warrant increased regulatory attention. Nitrogen and phosphorus 
loadings to Old Tampa Bay during 1986-1991 appear to have been 
due primarily to domestic point source (sewage treatment plant) 
discharges in the lower watershed. Recent efforts to improve 
treatment levels at several plants to advanced wastewater 
treatment (AWT) standards may cause sUbstantial reductions in 
nutrient loadings from those sources during 1992 and subsequent 
years. Significant secondary sources for Old Tampa Bay included 
atmospheric deposition, non-point source discharges in the lower 
(heavily urbanized) portion of the watershed, and combined (point 
and non-point source) inputs in the upper watershed. During very 
dry years (such as 1990), in which evaporation of fresh water 
from the surface of Old Tampa Bay exceeds fresh water inputs from 
rainfall and tributary flows, this segment may act as a net 
importer of water and nutrients from other bay segments. 
Some previous analyses have suggested that efforts to reduce 
nutrient loadings to Tampa Bay from external sources would be 
ineffective, unlikely to cause significant improvements in water 
quality ~ue to the large rese::voir of "old" nutrients currently 
present ln Bay waters and sedlments. That hypothesis appears to 
have been refuted, however, by the well-documented improvements 
in water quality that occurred in Hillsborough Bay during the 
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1980's following reductions in external nutrient inputs from 
point source and tributary discharges to that bay segment. 
Information currently available suggests that bay water quality 
can improve relatively quickly in response to reduced nutrient 
inputs from external sources. 
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Table ES.1a. Annual nutrient budgets for Old Tampa Bay. 
TOTAL NITROGEN Low High 
Estimate Estimate 
Sources: Massa % Massa % Data Gaps 
Lower watershed - point sources 179 41 179 19 Moderate 
Lower watershed - non-point sources 100 23 309 32 Large 
Atmospheric deposition 91 21 305 32 Moderate 
Upper watershed - combined sources 65 15 169 18 Moderate 
Total 435 962 
Sinks: 
Sediments/Other 435 100 826 86 Very Large 
Net freshwater transport (to MTB) 0 0 136 14 Large 
Total 435 962 
. 
TOTAL PHOSPHORUS 
Sources: 
Lower watershed - point sources 61 65 61 34 Moderate 
Upper watershed - combined sources 14 15 56 31 Moderate 
Lower watershed - non-point sources 13 14 41 23 Large 
Atmospheric deposition 6 6 20 11 Moderate 
Total 94 178 
Sinks: 
Sediments/Other 94 100 121 68 Very Large 
Net freshwater transport (to MTB) 0 0 57 32 Large 
Total 94 178 
a in metric tons (kgx1000) per year 
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Table ES.1b. Annual nutrient budgets for Hillsborough Bay. 
-- - - --- --
TOTAL NITROGEN Low High 
Estimate Estimate 
Sources: Massa ~ 0 Massa % Data Gaps 
Upper watershed - combined sources 466 47 1573 51 Moderate 
Fugitive industrial releases 154 16 768 25 Large 
Lower watershed - point sources 198 20 198 6 Moderate 
Lower watershed - non-point sources 119 12 369 12 Large 
Atmospheric deposition 46 5 154 5 Moderate 
Total 983 3062 
Sinks: 
Sediments/Other 819 83 1792 59 Very Large 
Net freshwater transport (to MTB) 164 17 1270 41 Large 
Total 983 3062 
TOTAL PHOSPHORUS 
Sources: 
Fugitive industrial releases 373 30 1867 55 Large 
Upper watershed - combined sources 481 38 1071 32 Moderate 
Lower watershed - point sources 391 31 391 12 Moderate 
Lower watershed - non-point sources 16 1 50 1 Large 
Atmospheric deposition 3 <1 10 <1 Moderate 
Total 1264 3389 
Sinks: 
Sediments/Other 1146 91 2527 75 Very Large 
Net freshwater transport (to MTB) 118 9 862 25 Large 
Total 1264 3389 
a in metric tons (kgx1000) per year 
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Table ES.1c. Annual nutrient budgets for Middle Tampa Bay. 
TOTAL NITROGEN Low High 
Estimate Estimate 
Sources: Massa % Massa % Data Gaps 
Hillsborough Bay (net FW transport) 164 30 1270 50 Large 
Atmospheric deposition 134 24 449 18 Moderate 
Upper watershed - combined sources 136 25 320 13 Moderate 
Lower watershed - non-point sources 115 21 356 14 Large 
Old Tampa Bay (net FW transport) 0 0 136 5 Large 
Lower Watershed - point sources 0 0 0 0 Moderate 
Total 549 2531 
Sinks: 
Sediments/Other 482 88 1294 51 Very Large 
Net freshwater transport (to MTB) 67 12 1237 49 Large 
Total 549 2531 
TOTAL PHOSPHORUS 
Sources: 
Hillsborough Bay (net FW transport) 118 66 862 79 Large 
Upper watershed - combined sources 35 20 94 9 Moderate 
Lower watershed - non-point sources 16 9 49 4 Large 
Atmospheric deposition 9 5 30 3 Moderate 
Old Tampa Bay (net FW transport) 0 0 57 5 Large 
Lower watershed - point sources 0 0 0 0 Moderate 
Total 178 1092 
Sinks: 
Sediments/Other 131 74 443 41 Very Large 
Net freshwater transport (to LTB) 47 26 649 59 Large 
Total 178 1092 
a in metric tons (kgx1000) per year 
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Table ES.1d. Annual nutrient budgets for Lower Tampa Bay. 
--- ----
- ~ - -_ .- -- --
TOTAL NITROGEN Low High 
Estimate Estimate 
Sources: Massa % Massa % Data Gaps 
Middle Tampa Bay (net FW transport) 67 15 1237 50 Large 
Lower watershed - non-point sources 180 40 557 23 Large 
Atmospheric deposition 157 35 530 22 Moderate 
Lower watershed - point sources 35 8 35 1 Moderate 
Upper watershed - combined sources 9 2 106 4 Moderate 
Total 448 2465 
Sinks: 
Sediments/Other 421 94 1334 54 Very Large 
Net freshwater transport (to Gulf) 27 6 1131 46 Large 
Total 448 2465 
TOTAL PHOSPHORUS 
Sources: 
Middle Tampa Bay (net FW transport) 47 49 649 76 Large 
Lower watershed - non-point sources 24 25 75 9 Large 
Upper watershed - combined sources 8 8 86 10 Moderate 
Atmospheric deposition 11 11 35 4 Moderate 
Lower watershed - point sources 6 6 6 1 Moderate 
Total 96 851 
Sinks: 
Sediments/Other 85 89 492 58 Very Large 
Net freshwater transport (to LTB) 11 11 359 42 Large 
Total 96 851 
a in metric tons (kgx1000) per year 
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Table ES.2. Estimated ranks of external nitrogen and phosphorus 
sources discharging to the major segments of Tampa Bay. Sources 
contributing <10% of the estimated annual loadings have been 
omitted. 
% of 
Estimated 
External 
Source: Load: 
TOTAL NITROGEN: 
Old Tampa Bay Lower watershed - point 19 
- 41% 
sources 
Lower watershed - non-point 23 
- 32% 
sources 
Atmospheric deposition 21 - 32% 
Upper watershed - combined 15 - 18% 
point and non-point 
sources 
Hillsborough Bay Upper watershed - combined 47 - 51% 
point and non-point 
sources 
Fugitive industrial releases 16 
- 25% 
Lower watershed - point 6 - 20% 
sources 
Lower watershed 
- non-point 12% 
sources 
Middle Tampa Bay Hillsborough Bay 30 
- 50% 
Atmospheric deposition 18 
- 24% 
Upper watershed - combined 13 - 25% 
point and non-point 
sources 
Lower watershed - non-point 14 - 21% 
sources 
Lower Tampa Bay Middle Tampa Bay 15 - 50% 
Lower watershed - non-point 23 - 40% 
sources 
Atmospheric deposition 22 - 35% 
10 
% of 
Estimated 
External 
Table ES.2 (cont. ) Source: Load: 
TOTAL PHOSPHORUS: 
Old Tampa Bay Lower watershed - point 34 - 65% 
sources 
Upper watershed - combined 15 - 31% 
point and non-point 
sources 
Lower watershed - non-point 14 - 23% 
sources 
Atmospheric deposition 6 - 11% 
Hillsborough Bay Fugitive industrial releases 30 - 55% 
Upper watershed - combined 32 - 38% 
point and non-point 
sources 
Lower watershed - point 12 - 31% 
sources 
Middle Tampa Bay Hillsborough Bay 66 - 79% 
Upper watershed - combined 29 - 20% 
point and non-point 
sources 
Lower Tampa Bay Middle Tampa Bay 49 - 76% 
Lower watershed - non-point 9 - 25% 
sources 
11 
SECTION 1 
Introduction 
The Surface Water Improvement and Management (SWIM) Act of 
1987 was enacted by the Florida Legislature (Chapter 87-97, Laws 
of Florida) to restore and protect water bodies of regional or 
statewide significance. The SWIM Act indicates that Tampa Bay 
and its tributaries should be given priority for restoration by 
the Southwest Florida Water Management District. The SWIM Act 
requires that a water quality assessment be conducted for Tampa 
Bay. 
The water management district adopted and the Florida 
Department of Environmental Regulation approved a SWIM management 
plan for Tampa Bay in 1988. That plan established a water 
quality assessment process to be carried out by the SWIM program 
to develop a strategy for restoring and protecting water quality 
within the bay. 
Previous water quality assessments have been performed for 
Tampa Bay by a number of federal, state, and local government 
agencies, including the Federal Water Pollution Control 
Administration (FWPCA 1969), Florida Department of Environmental 
Regulation (Palmer and MCClelland 1988), Tampa Bay Regional 
Planning Council (Tampa Bay Management Study Commission 1985), 
Hillsborough County Environmental Protection commission (Boler 
1988, 1990; Boler et ale 1992), and City of Tampa Bay Study Group 
(Johansson and Squires 1989, Johansson 1992). Those assessments 
have identified cultural eutrophication (i.e., excessive 
fertilization due to increased nutrient discharges caused by 
human activities in the watershed) as a primary water quality 
problem affecting the bay. Symptoms of eutrophication have been 
observed most frequently in Hillsborough Bay and portions of Old 
Tampa and Middle Tampa Bay. Those symptoms include increased 
turbidity and decreased water clarity, the development of 
nuisance algae blooms, the occurrence of highly variable oxygen 
levels within the water column, and the presence of depressed 
oxygen levels on the bay bottom. Related symptoms include 
reduced abundance of desirable, pollution-intolerant plant and 
animal species, and the closure of shellfish harvesting areas due 
to fecal bacterial contamination. 
As one phase of its water quality assessment effort, the SWIM 
program has funded the Tampa Bay Nutrient Monitoring Project. 
The purpose of the project is to provide additional information 
on the nutrient(s) responsible for the present eutrophication 
problem and the sources currently discharging those nutrients to 
the bay. This draft report addresses one task of the nutrient 
monitoring project, the development of interim input/output 
budgets for the macronutrients nitrogen and phosphorus in Tampa 
Bay and its major sub-basins (Hillsborough Bay, Old Tampa Bay, 
12 
Middle Tampa Bay, and Lower Tampa Bay). It uses the database 
compiled by the Environmental Protection Commission of 
Hillsborough County (EPCHC) and other available sources to 
estimate the locations and magnitudes of major sources and sinks 
for those nutrients. The objectives of the task (and this 
report) are twofold: to develop interim, order-of-magnitude 
loading budgets based on the information that is currently 
available, and to identify data gaps which should be corrected to 
allow more complete and accurate budgets to be developed in the 
future. 
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SECTION 2 
Description of Study Area 
Tampa Bay is a Y-shaped embayment (Fig. 1) occupying a complex 
of drowned river valleys and relict lagoons on the west-central 
coast of Florida. Physical, chemical, and biological conditions 
within the bay and its watershed have received detailed reviews 
in a series of recent reports (e.g., Treat et al. 1985, Estevez 
1989 Wolfe and Drew 1990, Treat and Clark 1992). The estuary 
is shallow (average depth 3.7 m) and well-mixed, exhibiting 
horizontal and longitudinal salinity gradients but negligible 
vertical stratification. The average tidal amplitude is small 
(0.6 m). Diurnal and semidiurnal tidal influences are 
approximately equal, producing two unequal high tides and two 
unequal low tides on most days. Extensive dredging operations 
have been conducted over the past several decades to construct 
and maintain relatively deep (12 m) shipping channels within the 
bay, causing a net increase in bay volume but a reduction in 
tidal prism (Goodwin 1987). Physical dimensions of the bay and 
its four central segments are described in Table 1 . 
Each of the four largest tributaries to Tampa Bay - the 
Hillsborough, Alafia, Little Manatee, and Manatee Rivers -
discharge on the bay's eastern shore. Hillsborough Bay receives 
the discharge of the two largest tributaries (the Hillsborough 
and Alafia Rivers), and consistently shows the poorest water 
quality within the estuary. The watershed of the Hillsborough 
River is primarily rural in its upper reaches, but includes 
portions of the cities of Temple Terrace and Tampa, and is 
impounded as an urban drinking water reservoir, in its lower 
segments. Nutrient concentrations are moderately to extremely 
high over much of the river's length, as a result of discharges 
from agricultural and industrial (e.g., chemical and citrus 
processing) operations in the upper watershed and a mix of urban, 
commercial, and industrial sources in lower portions of the 
drainage basin (Wolfe and Drew 1990). The Alafia River, which 
historically has possessed the poorest water quality of the major 
tributaries (Boler 1988, 1990; Flannery 1989), is impacted by a 
combination of phosphate mining, fertilizer processing, 
agricultural and suburban stormwater runoff, and domestic point 
source discharges. Groundwater flows from springs, which are 
present in the downstream reaches of both rivers and contribute 
significantly to dry season base flows, have begun to show 
evidence of increasing nitrogen enrichment in recent years (e.g., 
Flannery 1989). 
The four major rivers that discharge to the bay drain 
approximately 75% of the total watershed, with the remaining 25% 
consisting of low-lying coastal areas drained by small tidal 
creeks, urban and suburban stormwater systems, and manmade canals 
(Flannery 1989). Physical characteristics of the tributaries and 
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their watersheds have been summarized recently by Flannery 
(1989), Dames and Moore (1990), and Wolfe and Drew (1990). 
Rainfall within the Tampa Bay watershed is highly seasonal, 
exhibiting a summer rainy season and a winter/spring dry season 
(Fig. 2). The dry season is interrupted by a period of slightly 
increased precipitation during late winter (January-March) of 
most years, giving th~ annual rainfall pattern a somewhat bimodal 
appearance (Fig. 2). Peak tributary discharge typically occurs 
during the latter stages of the summer rainy season (August-
September) in each of the major drainage basins, with a small 
secondary peak during late winter or early spring (Fig. 3). 
Spatial differences in mean annual precipitation across the 
watershed are relatively small, varying from a high of 54 inches 
in the northeastern and southwestern portions of the basin to a 
low of 48 inches in Tampa. During the past two decades (1971-
1991), mean annual precipitation throughout the watershed has 
been slightly lower than the longer-term (1915-1980) average 
(Flannery 1989). 
Pan evaporation measurements indicate that mean annual 
evaporation from open water ranges from 48 to 52 inches per year 
in the watershed, values which are only slightly smaller than the 
mean annual rainfall (Flannery 1989). 
Water quality in Tampa Bay has been monitored for more than 20 
years by a number of federal, state, and local government 
agencies. As a result, a large amount of information is 
available for water quality assessment purposes. The lead agency 
collecting information on the bay as a whole, and on tributaries 
located within Hillsborough County, is the Environmental 
Protection commission of Hillsborough County (EPCHC). The EPCHC 
monitoring effort began in 1972, and now includes a total of 54 
stations within the bay which are sampled on a monthly basis 
(Boler 1988, 1990; Boler et al. 1992). In preparing this report, 
the EPCHC database has been used as the primary source of water 
quality information for the bay and its major sub-basins. Where 
available, supporting data have also been compiled from studies 
performed by other agencies, including the u.S. Geological Survey 
(e.g., Goodwin 1987) and the Florida Department of Environmental 
Regulation (e.g., Palmer and McClelland 1988). 
summaries of mean monthly concentrations of total nitrogen 
(TN) and total phosphorus (TP) in the major segments of the bay 
for the period 1986-1991 are shown in Figs. 4 and 5. Annual mean 
concentrations of TN and TP over the same years are listed in 
Table 2. 
During 1986-1991, the EPCHC data indicate that annual mean 
total nitrogen concentrations were highest in Hillsborough Bay, 
followed by Old Tampa and Middle Tampa Bay. Lower Tampa Bay 
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showed the lowest total nitrogen concentrations of the major sub-
basins throughout the period (Table 2). 
Annual mean total phosphorus concentrations followed a similar 
spatial pattern, with highest levels observed in Hillsborough Bay 
and the lowest in Lower Tampa Bay . During 1987 and 1988, 
however, total phosphorus concentrations in Old Tampa Bay were 
slightly lower than those recorded in Middle Tampa Bay, a pattern 
not shown by total nitrogen in those sub-basins (Table 2). 
In general, other water quality indicators such as water 
transparency (Secchi disk disappearance depth), dissolved oxygen 
levels, and chlorophyll £ concentrations during 1986-1991 
followed a spatial pattern similar to that of the major 
nutrients, with poorest water quality observed in Hillsborough 
Bay and progressively better conditions found in Old Tampa Bay, 
Middle Tampa Bay, and Lower Tampa Bay (Boler 1988, 1990; Estevez 
1989; Boler et ale 1992). Significant water quality problems 
occur in a number of segments of the bay, particularly in the 
upper sub-basins (Hand et al . 1990, Boler et ale 1992) '. 
Available data indicate that high nutrient levels, and low or 
highly variable dissolved oxygen concentrations, occur frequently 
in Hillsborough Bay, portions of Old Tampa Bay (north of the 
Courtney Campbell Causeway), and portions of Middle Tampa Bay 
(Apollo Beach and Big Bend areas) (Boler 1990). Lowest dissolved 
oxygen levels are typically observed on the bay bottom during 
late spring. Depressed or highly variable dissolved oxygen 
levels in the water column and sediments can stress or kill the 
organisms present, and anoxic conditions in upper levels of the 
sediment layer also affect the movement of nutrients between the 
sediments and water column. 
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Table 1. Physical Characteristics of Tampa Bay (from Goodwin 
1987) . 
Old Hillsborough Middle Lower 
Tampa Bay Bay Tampa Bay Tampa Bay 
Surface 
Area 190 96 280 330 
(m2 x 106 ) 
water 
Volume 548 
(m3 x 106 ) 
306 1170 1240 
Average 
Depth 2.8 3.2 4.1 3.8 (meters) 
Tidal Prism 
(m3 x 106 ) 148 73 186 194 
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Table 2. Annual mean total nitrogen and total phosphorus 
concentrations for the years 1986-1991 in Tampa Bay 
sub-basins (calculated from monthly records in the 
EPCHC database). 
Total Nitrogen (TN) 
Year HB 
(n = 11 
stations) 
1986 0.70 
1987 1.20 
1988 0.74 
1989 0.78 
1990 0.67 
1991 0.63 
Total 
1986 0.63 
1987 0.71 
1988 0.76 
1989 0.56 
1990 0.48 
1991 0.46 
OTB = Old Tampa Bay 
MTB - Middle Tampa Bay 
(mg/l as N) 
OTB MTB 
(n = 16 (n = 11 
stations) stations) 
0.60 0.50 
1. 05 0.86 
0.62 0.55 
0.78 0.61 
0.55 0.51 
0.55 0.47 
Phosphorus (TP) 
(mg/l as P) 
0.44 0.39 
0.42 0.45 
0.40 0.42 
0.40 0.38 
0.40 0.36 
0.31 0.29 
HB = Hillsborough Bay; 
LTB = Lower Tampa Bay 
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LTB 
(n = 10 
stations) 
0.40 
0.63 
0.43 
0.51 
0.37 
0.35 
0.17 
0.20 
0.18 
0.17 
0.15 
0.11 
SECTION 3 
Interim Nutrient Budgets: Methods and Results 
This report seeks to develop preliminary, order-of-magnitude 
nitrogen and phosphorus loading budgets for the larger segments 
of Tampa Bay (Old Tampa Bay, Hillsborough Bay, Middle Tampa Bay, 
and Lower Tampa Bay). The budgets have been based solely upon 
existing information, which was compiled from data sets 
maintained by local agencies and from the published literature. 
The budgets are intended to describe conditions occurring during 
the period 1986-1991, which includes years of substantially 
below-average (1989, 1990) and above-average (1987, 1988) annual 
rainfall and associated stormwater runoff. 
Nutrient sources are identified in this report as "external" 
(those causing "new" nutrients to enter the bay from the 
atmosphere or watershed) and "internal" (those causing the 
recycling of "old" nutrients already present within bay waters or 
sediments). For the purposes of the report, greater emphasis has 
been placed on the identification and estimation of external 
sources. This is because, from a resource management 
perspective, the continued input of new nutrients appears to be 
the primary factor capable of causing future declines in water 
quality within the bay. It is clear that the internal processing 
of old nutrients (e.g., recycling of phosphorus between the water 
column and sediments) will affect current and future water 
quality conditions. When viewed over the long term, however, 
recycling is an inherently inefficient process that results in a 
net loss of old nutrients from the system, through mechanisms 
such as discharge to the Gulf of Mexico, denitrification, and 
deep burial of material within the sediments. Over the long 
term, internal recycling thus appears unlikely to cause 
additional degradation of water quality (i.e., degradation below 
existing levels) if inputs of new nutrients are successfully 
brought under control. As a result, the identification and 
quantification of internal sources, while important for the 
development of accurate nutrient budgets and future water quality 
models, appears to be of secondary interest from an immediate 
water-quality management perspective. 
Estimated annual loadings of total nitrogen (TN as N) and 
total phosphorus (TP as P) are provided in this report, expressed 
in units of kilograms (kg) or metric tons (kgX1000) per year. 
For convenience in calculating estimated nutrient loadings, 
th7 watershed wa7 di~ided into "upper" and "lower" portions, WhlCh are shown ln Flg. 6. The "upper watershed" area as 
delineated in Fig. 6, includes nontidal portions of th~ Manatee 
" , 
Llttle Manatee, Alafla, and Hillsborough Rivers, the discharge 
points of Lithia and Sulphur Springs, upper portions of Rocky and 
Sweetwater Creeks, and upper portions of the Tampa Bypass and 
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Lake Tarpon Outfall Canals. These areas are similar in that they 
contain gauging stations maintained by the USGS or other agencies 
from which long-term stream discharge data are available. They 
also contain water-quality monitoring stations at which sampling 
is performed on a regular basis by EPCHC or other agencies, 
providing a long-term record of nutrient concentration data. 
Estimated loadings of TN and TP from upper portions of the 
watershed can thus be calculated as the product of stream 
discharge and nutrient concentration, as described in section 
3.1.1. below. Of necessity, those estimated loadings include the 
combined effects of point and non-point discharges, and are 
therefore described using phrases such as "upper watershed -
combined discharges" throughout this report. 
"Lower" portions of the watershed, as delineated in Fig. 6, 
include tidally-influenced reaches of the major tributaries and 
other areas for which adequate stream gauging and/or nutrient 
concentration data could not be found. Unlike the upper 
watershed, loadings from point and non-point source discharges in 
the lower portion of the watershed have been estimated separately 
in this report, as described in sections 3.1.2. (point sources) 
and 3.1.3. (non-point sources) below. 
3.1. Sources 
3.1.1. Upper watershed - combined point and non-point source 
discharges 
Combined loadings of TN and TP from point and non-point source 
discharges were estimated for the following "upper watershed" 
areas (delineated in Fig. 6): 
o Manatee River basin, above the Lake Manatee dam; 
o Little Manatee River basin, above USGS gauging station 
02300500; 
o Alafia River basin, above USGS gauging station 02301500, 
plus Lithia Springs (USGS station 02301600); 
o Tampa Bypass Canal, above water control structure S-160 
(USGS gauging station 02301802); 
o Hillsborough River basin, above the City of Tampa dam (USGS 
gauging station 02304500); 
o Sulphur Springs (USGS gauging station 02306CO); 
o Sweetwater Creek basin, above USGS gauging station 02306647; 
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o Rocky Creek basin, above USGS gauging station 0230700; and 
o Lake Tarpon basin, above water control structure S-551 (USGS 
gauging station 02307498). 
The sources and frequencies-of-collection of stream discharge and 
nutrient concentration data for these basins are summarized in 
Table 3. 
Annual TN and TP loadings from the upper-watershed areas were 
estimated for the period 1986-1991 by multiplying average stream 
discharge (measured at the most downstream gauging station within 
each area) and TN and TP concentrations (measured at the nearest 
water-quality monitoring station on the major tributary stream). 
When sufficient data were available, monthly loading estimates 
were calculated and summed to provide estimated annual values. 
In some cases, however, sufficient monthly data could not be 
found and quarterly or less-frequent measurements were used to 
calculate the annual loading estimates (see Table 3). The annual 
loading estimates generated by this procedure are shown in Table 
4. 
The water quality data used in this case were collected as 
part of regularly-scheduled (e.g., monthly or quarterly) sampling 
programs, which do not include a stormwater sampling component. 
Because 'loading estimates based on those data may not include the 
effects of numerous unsampled storm events, it is possible that 
the estimates will tend to be biased downward, underestimating 
the actual loadings contributed to the bay by the upper 
watersheds. Data gaps for the estimates have therefore been 
given a "moderate" rating in the nutrient budgets shown in Tables 
9a - 9d below. 
As part of a recently initiated project funded jointly by the 
SWIM program and the U. S. Geological Survey, the USGS is 
currently measuring tributary discharge and nutrient loadings to 
the bay at the mouths of the Alafia and Hillsborough Rivers, and 
estimating loadings from the Palm River/Tampa Bypass Canal. That 
project, and a similar one on the Manatee River that is scheduled 
for funding by the Tampa Bay National Estuary Program during 
fiscal year 1992, should provide more accurate information than 
has previously been available describing nutrient loadings from 
the upper and lower portions of several major tributaries. The 
improved information will presumably be available for future 
revisions of Tampa Bay nutrient budgets. 
3.1.2. Lower watershed - point source discharges 
Estimated loadings of TN and TP from point sources that 
discharge within the "lower waterShed," as defined in Fig. 6, are 
shown in Table 5. Those estimates were compiled by SWIM staff 
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and by Dames and Moore (1991), using data describing effluent 
volume and quality provided in discharge monthly reports (DMRs) 
that were submitted by permitted domestic and industrial point 
sources to state and local regulatory agencies (FDER and EPCHC) 
during 1990 and 1991. Estimated loadings from domestic (i.e., 
sewage treatment) facilities were based on combined 1990-1991 
data. Records for 1991 were not yet available for industrial 
point sources at the time this report was prepared, and loading 
estimates for those sources were therefore restricted to 1990 
data (compiled by Dames and Moore 1991). 
It should be noted that TN and TP loadings from point sources 
that discharge in the "upper watershed" area, as defined in Fig. 
6, are not included in Table . 5. Those sources are assumed to 
contribute a portion of the combined (point plus non-point) 
loadings discharged from the upper watershed via tributary 
streams, which were estimated using the methods described in 
section 3.1.2 above. 
Because the loading estimates shown in Table 5 are based on 
water quality data provided by effluent monitoring programs, 
which are subject to oversight from federal, state and local 
regulatory agencies, data gaps for the estimates were given a 
"moderate" rating in the overall nutrient budgets (Tables 9a -
9d). It appears that the existing data gaps could be filled 
relatively quickly if all permitted point sources (domestic and 
industrial) were required to monitor all nitrogen and phosphorus 
discharges, and to report those discharges in a consistent and 
readily-interpretable format. 
3.1.3. Lower watershed - non-point source discharges 
A model developed for the Tampa Bay watershed by Dames and 
Moore (1990) was used to estimate TN and TP loadings from non-
point sources located in the "lower watershed" as delineated in 
Fig. 6. 
The Dames and Moore (1990) model divided the watershed into 
nine major and 75 minor drainage basins, whose outlines are 
indicated in Fig. 6. Estimated loading rates and runoff 
coefficients for ten land use classifications present in the 
watershed were used to estimate average annual loadings of eight 
pollutants from each drainage basin. The loading rates and 
runoff coefficients used in the model for each land use category 
were compiled from a literature review of field studies conducted 
in areas containing those land uses within the state of Florida 
(Dames and Moore 1990). The model was run for an average water 
year (i.e., a year in which total rainfall in each sub-basin was 
equal to its estimated long-term annual mean). 
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Although the Dames and Moore (1990) mo~el.is bas7d on runoff 
coefficients and loading rates measured wlthln Florlda, the model 
has not yet been calibrated and validated for the Tampa.B~y area. 
While the uncalibrated model has proven useful for provldlng 
relative estimates of pollutant loadings from sub-basins in the 
watershed, it may not provide accurate predictions of absolute 
loadings from individual sub-basins (Dames and Moore 1990). 
A comparison of annual TN and TP loadings predicted by the 
Dames and Moore (1990) model versus empirical loading estimates 
generated using the method described in section 3.1.1 above is 
shown, for several sub-basins in the upper portion of the Tampa 
Bay watershed, in Fig. 7. In each case, the TN loadings 
predicted by the model (using mid-range model predictions) were 
substantially higher than the empirical estimates. The average 
ratio of model-predicted:empirically-estimated TN loadings for 
the cases shown in Fig. 7 was 3.1. TP loadings predicted by the 
model were more similar to, but also (on average) higher than the 
empirically estimated values (Fig. 7). 
Annual loading estimates generated for sub-basins in the lower 
watershed using the Dames and Moore (1990) model are listed in 
Table 6. Estimates labeled "high TN" and "high TP" represent 
mid-range values generated by the model. Those labeled "low TN" 
and "low TP" were obtained by dividing the mid-range model 
estimates by a factor of 3.1, the average amount by which the 
mid-range model predictions exceeded the empirically-estimated TN 
loadings shown in Fig. 7. It is hoped that the range of loading 
estimates produced in this way provide a reasonably accurate 
reflection of nutrient loadings reaching the bay during the 
period 1986-1991. Because the model has not yet been calibrated 
using data from the Tampa Bay area, however, data gaps for those 
estimates were rated as "large" in the nutrient budgets shown in 
Tables 9a - 9d. 
3.1.4. Atmospheric contributions 
Estimated bulk loadings (wetfall + dryfall) were calculated 
using nutrient data compiled by the consulting firm Ch2mhill 
(1991) in a water quality assessment performed for Lake Maggiore, 
an urban lake located in a densely populated portion of Pinellas 
County within the Tampa Bay watershed. 
Annual rainfall totals for the years 1986-1991, measured at 
four meteorological stations in the Tampa Bay watershed (Ft. 
DeSoto, st. Petersburg, Tampa International Airport and Ruskin) 
. " are ~hown ln Table.7a. Mean rainfall for each of those years was 
obtalned by avera~lng ac~oss the four stations (Table 7a), and 
the volu~es of raln falllng each year on individual bay segments 
were estlmated as the products of yearly rainfall and segment 
surface area (Table 7b). Annual loadings of total nitrogen (TN) 
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via wetfall were estimated for each segment and year by 
multiplying estimated rainfall volume (in liters) and an 
estimated TN concentration (in mg/L). TN concentrations used for 
this purpose ranged from 0.53 mg/l ("low estimate") to 1.08 mg/l 
("high estimate"), values derived by CH2MHill (1991) based on 
wetfall monitoring studies performed by Brezonik et al. (1983) 
and the Pinellas County Air Quality Division. The resulting 
estimates are shown in Table 7c. 
Wetfall loadings of total phosphorus (TP) were estimated in a 
similar fashion, in this case using the statewide average 
concentration of TP in rainfall (0.036mg/l) reported by CH2MHill 
(1991). A low-load estimate for TP was obtained using the 
reported average value (0.036mg/I), and a high-load estimate was 
obtained by doubling that value (Table 7d). 
Dryfall loadings of TN and TP were estimated based upon the 
calculated wetfall loadings, by assuming that dryfall makes up 
30% of total annual bulk (wetfall + dryfall) deposition. Recent 
studies suggest that this assumption may be appropriate as a 
first approximation for Florida watersheds (Edgerton and Lavery 
1990, CH2MHill 1991). 
While monitoring of nutrient concentrations in rainfall is a 
relatively straightforward process, estimation of nutrient 
loading via dryfall deposition is more complex and subject to 
error (Edgerton and Lavery 1990). Because of uncertainties in 
the estimation of dryfall contributions to Tampa Bay, data gaps 
associated with the estimates of bulk atmospheric deposition were 
given a "moderate" rating in the nutrient budgets shown in Tables 
9a - 9d. Also, because nutrient concentrations in the Tampa Bay 
airshed may tend to be substantially higher than the reported 
state-wide averages, the values should probably be viewed as 
underestimates of actual atmospheric inputs to the bay (Terrie M. 
Lee, USGS, pers. comm.). 
3.1.5. Net freshwater transport 
The circulation of water within the bay, which is driven by a 
complex set of tidal density-driven, and wind-induced forces, , . ., 
causes the transport of nutrients to and from lndlvldual bay 
segments. A rigorous description of circulation within the bay 
would require hydrodynamic modelling that is beyo~d.t~e scope of 
this report. For the purposes of the report, an lnltla~ 
approximation is needed that estimates the net annual dlscharge 
of water and nutrients for each bay segment and the net annual 
outflow of nutrients to the Gulf of Mexico that occurs through 
the bay mouth. 
Over an annual period, a very crude estimate of the net volume 
of water flowing through a given cross section of the bay can be 
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calculated by assuming that this volume is approximately equal to 
the net volume of freshwater discharged to the bay from all 
portions of the watershed located upstream of the cross section. 
For the bay as a whole, this assumption implies that the net 
annual discharge of fresh water from the bay (through 
evaporation, groundwater recharge, and net discharge to the Gulf 
of Mexico) is equal to the sum of the freshwater inputs (from 
rainfall, groundwater discharge, and tributary flow) entering the 
bay from the watershed. Due to the current lack of data 
concerning groundwater recharge and discharge for individual bay 
segments, those terms have been neglected for the purposes of 
this report. 
Estimates of the net annual freshwater inputs (i.e., rainfall 
plus tributary discharge minus evaporation) for the major 
segments of the bay during the years 1986-1991 are shown in Table 
8. Annual rainfall volumes were estimated using the method 
described in section 3.1.4 above. Annual tributary discharge 
values (Table 8a) were estimated using data from gauging stations 
located on the four major rivers (Manatee River at the Lake 
Manatee dam, Little Manatee River at Wimauma, Alafia River at 
Lithia, and Hillsborough River at the City of Tampa dam). The 
gauged area represented by these discharge measurements is 
approximately 1257 square miles, or 57% of the entire (2200 
square mile) watershed. Total surface water flows were therefore 
estimated by assuming that the gauged discharge represented 57% 
of the true total flow. Measured discharges from two major 
spring systems (Lithia Spring in the Alafia River basin and 
Sulphur Springs in the Hillsborough River basin) were then added 
to estimate total annual streamflows for each year. The 
estimated annual flows were apportioned to bay segments by 
assuming (following Goodwin 1987) that 6.14% of the annual 
surface flow was discharged to Old Tampa Bay, 62.71% to 
Hillsborough Bay, 12.6% to Middle Tampa Bay, and 18.54% to Lower 
Tampa Bay. 
Annual evaporation rates from the bay surface for the period 
1986-1991 were estimated using daily pan evaporation measurements 
recorded at an agricultural experiment station located near the 
town of Dover in the Hillsborough River watershed. Daily 
evaporation measurements were summed to give the annual totals 
shown in Table 8b. 
Estimates ~f the net discharge of TN and TP from each bay 
segment, obtalned as the product of the mean nutrient 
concentrations observed within that segment (Table 2) and the 
estimated net freshwater volume passing through the segment 
(Table 8c), are shown in Table 8d. Net annual freshwater flow 
through Middle Tampa Bay was assumed to be equal to the sum of 
the net freshwater inputs to that segment (from rainfall plus 
tributary flows minus evaporation), plus the net volume of fresh 
water discharged from Old Tampa Bay and Hillsborough Bay. Net 
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annual flow through Lower Tampa Bay was assumed equal to the sum 
of all (net) freshwater inputs to LTB, plus the net volume 
discharged from MTB. Net annual loadings of TN and TP entering 
Middle Tampa Bay as a result of freshwater transport were 
estimated by summing the estimated loadings discharged from Old 
Tampa Bay and Hillsborough Bay. Estimated annual loadings from 
Middle Tampa Bay were assumed to have been discharged to Lower 
Tampa Bay, and were treated as loadings to that bay segment. 
Although the estimates derived in Table 8 appear reasonable as 
first approximations, they are based on a number of simplifying 
assumptions and are clearly imprecise. Because they consider 
only one transport mechanism (net freshwater through-flow), and 
neglect several others such as tidal pumping and density-driven 
and wind-driven circulation which may be of equal or greater 
importance in Tampa Bay (e.g., King Engineering Associates 1992), 
they are likely to underestimate the magnitude of the net annual 
water and nutrient fluxes between bay segments. For these 
reasons, data gaps associated with the discharge terms were given 
a "large" rating in the interim nutrient budgets (Tables 9a -
9d) . 
3.1.6 Fugitive Releases 
For Hillsborough Bay, an additional source term was included 
in the interim budgets to account for releases of fertilizer 
products and other nutrient-enriched material from chemical 
loading docks located in the East Bay area of northeastern 
Hillsborough Bay. Estimated loadings of TN and TP from these 
sources were obtained from the EPCHC (T. Cardinale, EPCHC, pers. 
comm.). The methods used by EPCHC to estimate those loadings are 
described by Cardinale and Dunn (1992). The estimates are 
indirect, based on the tonnage of phosphate fertilizer products 
reported to have been shipped from Tampa Bay ports in 1989 and 
the assumption that 0.01% (low estimate) to 0.05% (high estimate) 
of the shipped product was lost to the bay during shipping 
(Cardinale and Dunn 1992, Johansson 1992). Data gaps associated 
with the estimates were therefore rated as "large" in the interim 
nutrient budgets (Table 9b). 
3.1.7 Groundwater 
Groundwater enters Tampa Bay directly through seepage and via 
several springs (Hutchinson 1983). Discha:ge to the bay ~ from the 
Floridan aquifer was investigated by Hutchlnson (1983), who 
estimated an average input of 100 MGD (~bout 4% of the annual, 
freshwater budget) in the northern portl0n. In_southern portlons 
of the bay the direction of flow apI;>ears to be ::r<?m the , bay to 
the aquifer as indicated by advanclng saltwater lntruslon , , 
detected in monitoring wells in that regl0n. 
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Due to the apparently small magnitude of t~e net groundwater 
discharge to the bay, and a current lack of d~rect measurem7nts 
describing the quantity and quality of that dlscharge, nutrlent 
loadings to the bay due to groundwater discharge have n~t been 
considered in this report. A project that seeks to estlmate 
nutrient loadings to (and/or losses from) the bay due to 
groundwater discharge and recharge has recently been funded by 
the Tampa Bay National Estuary Program and is currently underway. 
3.2 Sinks 
3.2.1. Net freshwater transport 
Nutrient losses from bay segments as a result of net 
freshwater throughflow are estimated in Table 8 (described in 
section 3.1.5. above). 
3.2.2. Sediments/ other 
In addition to freshwater transport, a number of other 
processes exist that may produce long-term net losses of TN and 
TP from the bay water column. Those processes include 
denitrification, ammonia volatilization, and the sedimentation of 
organic material and sorbed nutrients followed by deep burial 
within the bay bottom. No direct measurements of these potential 
loss terms were found in the literature reviewed for this report. 
As a result, no attempt has been made to estimate the magnitudes 
of the TN and TP losses associated with them. Instead, a catch-
all term labeled "sediments/ other" has been included in the 
interim nutrient budgets (Tables 9a - 9d) to indicate the 
possible magnitude of the combined losses of TN and TP caused by 
these factors. For each bay segment, this term was calculated by 
subtracting the estimated losses due to net freshwater transport 
from the estimated total inputs. As such, the "sediments/other" 
term confounds a number of important but unmeasured processe's, 
and is used here merely to balance the nutrient budgets. 
3 • 3 . Interim Ni trogen and Phosphorus budgets 
Interim budgets for the bay 's major segments are shown in 
Ta.ble 9a - 9d. Estimated magnitudes of the external sources are 
expressed a s annual loadings (metric tons or kgx1000 per year) 
and as percentages of the total estimated loads. Estimated 
magnitudes of the loss terms are also expressed in units of 
metric tons per year. 
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Figure 7. Comparisons of empirically-
estimated TN and TP loadings vs. values 
predicted by the Dames and Moore (1990) 
non-point source model: (a) portion of 
upper Manatee River watershed (Dames and 
Moore basins 953 and 954); (b) portion 
of upper Li ttle Manatee River watershed 
(Dames and Moore basins 800 [in part] 
and 840); (c) Lake Tarpon/Brooker Creek 
watershed (Dames and Moore basins 310 
[in part] and 320). 
Table 3. Sources and collection frequency of stream discharge and water quality data from 
sub-basins in the "upper watershed" (as delineated in Figure 6). 
watershed sub-basin: 
Lake Tarpon basin above 
water control structure S-
551 
Rocky Creek basin above 
USGS gauge 02307000 
Sweetwater Creek basin 
above USGS gauge 02306647 
Discharge: 
Discharge computed daily by 
USGS (gauge no. 02307498). 
Record complete for period 
1/86 through 4/90. Data 
missing for period 5/90 
through 12/91 (no loading 
estimates calculated for 
1990-1991) . 
Discharge computed daily by 
USGS. Record complete for 
period 1/86 through 12/91. 
Discharge computed daily by 
USGS. Record complete for 
period 1/86 through 12/91. 
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water Quality: 
water quality data 
collected on bimonthly to 
quarterly basis by USGS for 
period 1/86 - 12/91. 
Loadings for 1986-1989 
calculated using mean 
monthly discharge and mean 
TN and TP concentrations. 
water quality data 
collected monthly by EPCHC 
(station no. 141) for 
period 1/88 through 12/91. 
Monthly TN and TP loadings 
calculated and summed to 
provide annual estimates 
for 1988-1991. 
water quality data 
collected monthly by EPCHC 
(station no. 142) for 
period 1/88 through 12/91. 
Monthly TN and TP loadings 
calculated and summed to 
provide annual estimates 
for 1988-1991. 
Table 3 (cont.) 
Watershed sub-basin: 
Hillsborough River basin 
above city of Tampa dam 
Sulphur Springs 
Tampa Bypass Canal basin 
above water control 
structure S-160 
Discharge: 
Discharge computed daily by 
USGS (gauge no. 02304500). 
Record complete for period 
1/86 through 9/91. Loadings 
for period 10/91 through 
12/91 calculated using mean 
(monthly) discharge values 
from previous years. 
Discharge computed daily by 
USGS (gauge no. 02306000). 
Record complete for period 
1/86 through 12/91. 
Discharge computed daily by 
USGS (gauge no. 02301802) 
for period 1/86 through 
6/90. Data missing for 
period 7/90 through 12/91 
(no loading estimates 
calculated for 1990-1991). 
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Water Quality: 
Water quality data 
collected monthly by EPCHC 
(station no. 105) for 
period 1/86 through 12/91. 
Monthly TN and TP loadings 
calculated and summed to 
provide annual estimates 
for period 1986-1991. 
Water quality data 
collected sporadically by 
USGS during 1991 and 1992. 
TN and TP loadings 
calculated using mean 
monthly discharges and 
(overall) mean TN and TP 
concentrations. 
Water quality data 
collected monthly by EPCHC 
(station no. 147) for 
period 1/89 through 12/91. 
TN and TP loadings for 
1986-1989 calculated using 
monthly mean EPCHC values 
from years 1989-1991. 
Table 3 (cont.) 
Watershed sub-basin: 
Alafia River basin above 
USGS gauging station 
02301500, plus Lithia 
Springs 
Little Manatee River basin 
above USGS -gauging station 
02300500 
Manatee River basin above 
Lake Manatee dam 
Discharge: 
Alafia River discharge 
(gauge no. 02301500) 
computed daily and Lithia 
Springs discharge (gauge no. 
02301600) computed 
sporadically by USGS. 
Lithia Springs data 
converted to mean (1986-
1991) discharge for use in 
loading calculations. 
Discharge computed daily by 
USGS for period 1/86 through 
12/91. 
Discharge computed daily by 
Manatee County for period 
1/86 through 12/91. 
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Water Quality: 
Water quality data 
collected monthly by EPCHC 
(station no. 114) for 
period 1/86 through 12/91. 
Monthly TN and TP loadings 
calculated and summed to 
provide annual estimates 
for 1986-1991. 
Water quality data 
collected monthly by EPCHC 
(station no. 113) for 
period 1/86 through 12/91. 
Monthly TN and TP loadings 
calculated and summed to 
provide annual estimates 
for 1986-1991. 
Water quality data 
collected sporadically by 
USGS (at gauging station 
02299950, located 
substantially upstream of 
dam). Annual TN and TP 
loadings calculated using 
mean (1986-1991) nutrient 
concentrations and mean 
monthly discharges. 
Table 4a. Estimated annual loadings of total nitrogen (TN) for the years 1986-1991 from combined 
point and non-point source discharges in the upper watersheds of major sub-basins. Loadings 
expressed as metric tons (kgx1000) per year. 
RECEIVING CONTRIBUTING I I I I I I BAY SEGMENT: WATERSHED: 1986 1987 1988 1989 1990 1991 
Old Tampa Bay Lake Tarpon 33 48 48 12 --- ---
Rocky Creek --- --- 96 36 21 43 
Sweetwater Creek --- --- 25 17 6 14 
Hillsborough Alafia Rivera 348 797 677 331 245 526 
Bay Hillsborough River 332 629 360 65 34 317 
Sulphur Springs 28 31 26 25 25 26 
Tampa Bypass Canal 67 116 155 45 --- ---
Middle Tampa Little Manatee 
Bay River 144 320 282 167 136 216 
Lower Tampa Bay Manatee River 73 97 104 42 9 106 
a including discharge from Lithia Springs 
38 
I 
Table 4b. Estimated annual loadings of total phosphorus (TP) for the years 1986-1991 from combined 
point and non-point source discharges in the upper watersheds of major sub-basins. Loadings 
expressed as metric tons (kgx1000) per year. 
RECEIVING CONTRIBUTING I I I I I I SUB-BASIN: WATERSHED: 1986 1987 1988 1989 1990 1991 
Old Tampa Bay Lake Tarpon 2 3 3 1 --- ---
Rocky Creek --- --- 46 6 4 7 
Sweetwater Creek --- --- 7 7 7 6 
Hillsborough Alafia Rivera 446 840 867 447 284 591 
Bay Hillsborough River 109 114 150 21 11 103 
Sulphur Springs 4 4 3 3 3 3 
Tampa Bypass Canal 18 27 51 10 --- ---
Middle Tampa Little Manatee 
Bay River 49 78 94 50 35 73 
Lower Tampa Bay Manatee River 59 78 85 34 8 86 
a including discharge from Lithia Springs 
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Table 5. Estimated annual TN and TP loadings from major point source discharges in the lower 
watershed of Tampa Bay during 1990-1991 (after Dames and Moore 1991). 
ANNUAL LOADINGS 
DISCHARGER TYPE TN TP Receiving (kg*1000/yr) (kg*1000/yr) Basin 
Hookers Point STP 182 374 HB 
Faulkenburg STP 7 2 HB 
Cargill Phospho Industrial 7 11 HB 
Nitram Industrial 2 <1 HB 
IMC Terminal Industrial --- 4 HB 
River Oaks STP 12 3 OTB 
Clearwater East STP 46 18 OTB 
Clearwater NE STP 53 25 OTB 
city of Oldsmar STP 3 2 OTB 
City of Largo STP 65 13 OTB 
City of 
Bradenton STP 17 4 LTB 
City of Palmetto STP 5 1 LTB 
CMI Piney Point Industrial 1 1 LTB 
Tropicana Industrial 12 --- LTB 
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Table 6. Estimated annual nitrogen (TN) and phosphorus (TP) 
loadings from non-point source (stormwater) discharges 
in the lower watershed. Upper estimates represent 
loadings (in kgx1000/yr) generated by the Dames and 
Moore (1990) model for an average water year. Lower 
estimates = upper estimates/3.1 (see text). 
LOWER ESTIMATE UPPER ESTIMATE 
Bay Segment: 
TN TP TN TP 
Old Tampa Bay 100 13 309 41 
Hillsborough Bay 119 16 369 50 
Middle Tampa Bay 115 16 356 49 
Lower Tampa Bay 180 24 557 75 
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Table 7a . Annual rainfall (meters) at four stations in the Tampa Bay watershed during 
1986-1991. (-- denotes missing data.) 
I STATION: 
---
I I I ---j I I 1986 1987 1988 1989 1990 1991 
Fort DeSoto 
Park 1. 23 -- -- -- 0.72 1.17 
st. 
Petersburg 1. 60 1. 50 1. 77 1. 08 0.96 1. 24 
I Tampa 
I 
Internat. 1. 06 1. 25 1. 33 1.11 0.87 1.10 
Airport 
Ruskin 1.12 1. 53 1. 36 1. 21 1. 05 1. 24 
I Average 1. 25 1. 43 1. 49 1.13 0.90 1.19 
Table 7b. Estimated volume of rain (liters) falling annually on bay segments, 1986-1991. 
--- - - - - - -
BAY SEGMENT: 1986 1987 1988 1989 1990 1991 
Old Tampa 
2.38x10 11 2.71x10 11 2.82x10 11 2. 15x10 11 1.71x1011 2.25x1011 Bay 
Hillsborough 
1. 20x10 11 1. 37x1011 1.43x1011 1. 09x10 11 8.63x101O 1. 14x10 11 Bay 
Middle Tampa 
3. 51x10 11 3. 99x10 11 4.16x1011 3. 16x10 11 2.52x1011 3.32x1011 Bay 
Lower Tampa 
4.17x1011 4.74x10 11 I Bay 4.95x1011 3.76x1011 2.99x1011 3.95x1011 
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Table 7c. Estimated annual TN loadings (metric tons) via wetfall on bay surface. 
II BAY SEGMENT: I I 
----
EST. 1986 1987 1988 1989 1990 1991 I 
Old Tampa Low 126 144 150 114 91 119 
Bay High 257 293 305 232 185 243 
Hillsborough Low 64 73 76 58 46 60 
Bay High 130 148 154 117 93 123 
Middle Tampa Low 186 212 221 168 > 134 176 
Bay High 379 431 449 342 272 359 
Lower Tampa Low 219 249 260 198 157 207 
Bay High 447 508 530 403 321 423 
Table 7d. Estimated annual TP loadings (metric tons) via wetfall on bay surface. 
BAY SEGMENT: I EST. 1986 1987 1988 1989 1990 1991 
Old Tampa Low 9 10 10 8 6 8 
Bay High 17 20 20 15 12 16 
Hillsborough Low 4 5 5 4 3 4 
Bay High 9 10 10 8 6 8 
Middle Tampa Low 13 14 15 11 9 12 
Bay High 25 29 30 23 18 24 
Lower -rampa Low 15 17 18 13 11 14 
Bay High 30 34 35 27 21 28 
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Table 8a. Annual discharge (liters) from gauged portions of four major tributaries and two 
major springs. (Calculated from data provided by USGS and Manatee County Water 
Department.) 
-- - - - -----
GAUGE SITE 1986 1987 1988 1989 1990 1991 
Little 
Manatee 9.8x10'o 1.5x10" 1.9x10" 1.2x10" 8.0x10'o 1. 5x10" 
River at 
Wimauma 
Manatee 
River at 1.0x10" 1. 4x10" 1.5x10" 6.1x10'o 1. 4X10'o 1. 5x10" 
Lake Manatee 
dam 
Alafia River 
at Lithia 1.7x10" 3.0x10" 3.3x10" 1. 6X10" 1.0X10" 2.2xlO" 
Hillsborough 
2.8x10" 3.3x10" 3.1x10" 7.8x10'o 3.4x10'o 2.6x10" River at 
city of 
Tampa dam 
Lithia 3.2x10'o 4.0x10'o 3.1x10'o 2.3xlO'o 2.9x10'o 3.8x10'o 
Springs 
Sulphur 
3.2x10'o 3.4x10'o 2.9x10'o 2.8x10'o 2.8x10'o 3.0x10'o Springs 
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Table 8b. Estimated annual evaporation (liters) from bay segments, based on daily pan 
evaporation measured at the Dover agricultural experiment station (Hillsborough 
River basin) . 
BAY 1986 1987 1988 1989 1990 1991 
SEGMENT 
Old Tampa 
2.5xl011 2.4xl011 2.5xl011 2.5xl0 11 2.5xl011 2.3xl011 Bay 
Hillsbor. 
Bay 1.2xl011 1.2xl011 1.3xl011 1. 2xl0 11 1. 3xl0 11 1. 2xl011 
Middle 
Tampa Bay 3.7xl011 3.6xl011 3.7xI011 3.6xl011 3.7xl011 3.4Xl011 
Lower 
Tampa Bay 4.3xl011 4.3xl011 4.4xl011 4.3xl0 11 4.4xl011 4.0xl011 
Table 8c. Estimated net annual freshwater inputs (liters) to bay segments. Net inputs 
assumed equal to direct rainfall + tributary discharge + net freshwater 
discharge from upper bay segments - evaporation. 
BAY 1986 1987 1988 1989 1990 1991 
SEGMENT 
Old Tampa 
6.4xl01O 1. 3xl0 11 Bay 1. 4xl011 1.6xl01O -5.3xl01O 8.3xl0 1O 
Hillsbor. 
Bay 7.5xl011 1. lxl0 12 1.1xl012 4.7xl011 2.4xl011 8.9xl011 
Middle 
Tampa Bay 9.5xl011 1. 4xl0 12 1. 6xl012 5.3xl011 1. 3xl011 1. 2xl012 
Lower 
Tampa Bay 1.2xl012 1. 8xl0 12 1.9xl012 6.2xl011 7.4xl01O 1. 4xl012 
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Table 8d. Estimated annual TN and TP loadings discharged from bay segments (metric tons) due to net 
freshwater transport. 
TOTAL 1986 1987 1988 1989 1990 1991 
NITROGEN 
Old Tampa 
Bay 38 136 88 13 (-27)8 46 
Hillsborough 
Bay 524 1270 839 364 164 563 
Middle Tampa 
Bay 474 1237 850 326 67 541 
Lower Tampa 
Bay 461 1131 831 317 27 493 
I TOTAL 
. PHOSPHORUS I I I I I I 
Old Tampa 
Bay 28 54 57 7 (-19)8 26 
Hillsborough 
Bay 472 751 862 261 118 411 
Middle Tampa 
Bay 370 647 649 203 47 334 
Lower Tampa 
Bay 196 359 348 106 11 155 
8 Evaporation apparently exceeded freshwater inputs to Old Tampa Bay during 1990 (see Table 8c). 
I 
I 
Table 9a. Annual nutrient budgets for Old Tampa Bay. 
TOTAL NITROGEN Low High Estimate 
Estimate 
If 
Sources: Massa % Massa % Data Gaps 
Lower watershed - point sources 179 41 179 19 Moderate 
Lower watershed - non-point sources 100 23 309 32 Large 
I Atmospheric deposition 91 21 305 32 Moderate 
Upper watershed - combined sources 65 15 169 18 Moderate 
Total 435 962 
Sinks: 
Sediments/Other 435 100 826 86 Very Large 
Net freshwater transport (to MTB) 0 0 136 14 Large 
Total 435 962 
TOTAL PHOSPHORUS 
Sources: 
Lower watershed - point sources 61 65 61 34 Moderate 
Upper watershed - combined sources 14 15 56 31 Moderate 
Lower watershed - non-point sources 13 14 41 23 Large 
Atmospheric deposition 6 6 20 11 Moderate 
Total 94 178 
Sinks: 
Sediments/Other 94 100 121 68 Very Large 
Net freshwater transport (to MTB) 0 0 57 32 Large 
Total 94 178 
a in metric tons (kgx1000) per year 
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Table 9b. Annual nutrient budgets for Hillsborough Bay. 
-- --
II 
II High Est,imate II I TOTAL NITROGEN Low Estimate I 
Sources: Massa % Massa % Data Gaps i 
Upper watershed - combined sources 466 47 1573 51 Moderate I 
Fugitive industrial releases 154 16 768 25 Large 
Lower watershed - point sources 198 20 198 6 Moderate 
Lower watershed - non-point sources 119 12 369 12 Large 
Atmospheric deposition 46 5 154 5 Moderate 
Total 983 3062 
Sinks: 
Sediments/Other 819 83 1792 59 Very Large 
Net freshwater transport (to MTB) 164 17 1270 41 Large 
Total 983 3062 
TOTAL PHOSPHORUS 
Sources: 
Fugitive industrial releases 373 30 1867 55 Large 
Upper watershed - combined sources 481 38 1071 32 Moderate 
Lower watershed - point sources 391 31 391 12 Moderate 
Lower watershed - non-point sources 16 1 50 1 Large 
Atmospheric deposition 3 <1 10 <1 Moderate 
Total 1264 3389 
Sinks: 
Sediments/Other 1146 91 2527 75 Very Large I 
Net freshwater transport (to MTB) 118 9 862 25 Large 
Total 1264 3389 I 
a in metric tons (kgx1000) per year 
Table 9c. Annual nutrient budgets for Middle Tampa Bay. 
TOTAL NITROGEN Low High 
Estimate Estimate 
Sources: Massa % Massa % Data Gaps 
Hillsborough Bay (net FW transport) 164 30 1270 50 Large 
Atmospheric deposition 134 24 449 1B Moderate 
Upper watershed - combined sources 136 25 320 13 Moderate 
Lower watershed - non-point sources 115 21 356 14 Large 
Old Tampa Bay (net FW transport) 0 0 136 5 Large 
Lower Watershed - point sources 0 0 0 0 Moderate 
Total 549 2531 
Sinks: 
Sediments/Other 4B2 BB 1294 51 Very Large 
Net freshwater transport (to MTB) 67 12 1237 49 Large 
Total 549 2531 
TOTAL PHOSPHORUS 
Sources: 
Hillsborough Bay (net FW transport) lIB 66 B62 79 Large 
Upper watershed - combined sources 35 20 94 9 Moderate 
Lower watershed - non-point sources 16 9 49 4 Large 
Atmospheric deposition 9 5 30 3 Moderate 
Old Tampa Bay (net FW transport) 0 0 57 5 Large 
Lower watershed - point sources 0 0 0 0 Moderate 
Total 17B 1092 
Sinks: 
Sediments/Other 131 74 443 41 Very Large 
Net freshwater transport (to LTB) 47 26 649 59 Large 
Total 17B 1092 
a in metric tons (kgx1000) per year 
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Table 9d. Annual nutrient budgets for Lower Tampa Bay. 
-- -- -- - ----
TOTAL NITROGEN Low High 
Estimate Estimate 
Sources: Massa % Massa % Data Gaps 
Middle Tampa Bay (net FW transport) 67 15 1237 50 Large 
Lower watershed - non-point sources 180 40 557 23 Large 
Atmospheric deposition 157 35 530 22 Moderate 
Lower watershed - point sources 35 8 35 1 Moderate 
Upper watershed - combined sources 9 2 106 4 Moderate 
Total 448 2465 
Sinks: 
Sediments/Other 421 94 1334 54 Very Large 
Net freshwater transport (to Gulf) 27 6 1131 46 Large 
Total 448 2465 
TOTAL PHOSPHORUS 
Sources: 
Middle Tampa Bay (net FW transport) 47 49 649 76 Large 
Lower watershed - non-point sources 24 25 75 9 Large 
Upper watershed - combined sources 8 8 86 10 Moderate 
Atmospheric deposition 11 11 35 4 Moderate 
Lower watershed - point sources 6 6 6 1 Moderate 
Total 96 851 
Sinks: 
Sediments/Other 85 89 492 58 Very Large , 
Net freshwater transport (to LTB) 11 11 359 42 Large 
Total 96 851 
a in metric tons (kgx1000) per year 
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Discussion 
4.1 External Nutrient Sources 
preliminary rankings of the larger external sources (those 
making up >10% of the estimated annual loadings) of TN and TP for 
Tampa Bay and its major sub-basins are shown in Table 10. 
The Hillsborough Bay sub-basin has historically exhibited the 
lowest water quality found in Tampa Bay (Hand et ale 1990, Boler 
et ale 1992). It should be targeted for water quality 
restoration for this reason and because of its apparent impacts 
on the water quality of other bay segments. The interim budgets 
suggest that the largest external sources of both TN and TP to 
Hillsborough Bay during 1986-1991 were combined point and non-
point sources in the upper watershed and fugitive industrial 
releases from fertilizer shipping facilities located in the East 
Bay area. Point and non-point discharges in the lower watershed 
also appear to have contributed SUbstantial TN and TP loadings. 
Activities associated with the mining, processing, and shipping 
of phosphate fertilizer products thus appear to have had major 
impacts on Hillsborough Bay water quality in recent years. 
Phosphate mining and fertilizer processing activities are known 
to contribute significant point and non-point source nitrogen and 
phosphorus loads in the upper watersheds of the Alafia and 
Hillsborough Rivers (e.g., Hand et ale 1990, Wolfe and Drew 
1990), while fertilizer shipping facilities are the sources of 
the "fugitive industrial releases" originating in the East Bay 
area (Cardinale and Dunn 1992). 
Old Tampa Bay has also exhibited symptoms of degraded water 
qua.lity in recent years, particularly in areas north of the 
Howard Frankland (1-275) bridge (Hand et ale 1990, Boler et ale 
1992). The interim nutrient budgets suggest that the major 
external loadings of both TN and TP to Old Tampa Bay during 1986-
1991 were caused by point source discharges in the lower 
watershed. (Recent efforts to upgrade several sewage treatment 
plants in the area to advanced wastewater treatment (AWT) 
standards may cause SUbstantial reductions in nutrient loadings 
from those sources during 1992 and subsequent years.) Non-point 
source discharges in the lower watershed, atmospheric deposition, 
and combined point and non-point source discharges in the upper 
watershed also appear to have contributed SUbstantial loadings. 
During the drought year of 1990, it appears that evaporation of 
fresh water from the surface of Old Tampa Bay may have exceeded 
the net inflow of fresh water from rainfall and tributary 
discharge (Table 8), a situation that would cause Old Tampa Bay 
to act as a net importer of water and nutrients from other bay 
segments. 
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Middle Tampa Bay has experienced less water quality 
degradation than the upper bay segments, but exhibits poorer 
water quality than is observed in Lower Tampa Bay (Hand et al. 
1990, Boler et al. 1992). The interim budgets suggest that the 
major external loadings of TN to Middle Tampa Bay during 1986-
1991 were caused by discharges from Hillsborough Bay. 
Atmospheric deposition, combined point and non-point source 
discharges from the upper watershed, and non-point source 
discharges in the lower watershed also appear to have contributed 
substantial TN loadings. External TP sources appear to have been 
dominated by discharges from Hillsborough Bay. 
Due to its proximity to the Gulf of Mexico, Lower Tampa Bay 
exhibits the best water quality observed in the Tampa Bay system, 
achieving a "good" rating in the most recent statewide water 
quality survey (Hand et al. 1990). The interim budgets suggest 
that discharges from Middle Tampa Bay were the primary external 
sources of TN and TP for the lower bay during 1986-1991. 
Atmospheric deposition and non-point source discharges in the 
lower watershed also appear to have contributed sUbstantial 
quantities of both nutrients. 
4.2 Nitrogen fixation 
Nitrogen fixation (the direct uptake and transformation of N2 
gas to biologically-available forms), a biochemical process 
carried out within the bay by certain species of bacteria and 
blue-green algae, is an additional source of "new" nitrogen that 
has not been considered in the interim nutrient budgets. One 
recent estimate (King Engineering Associates 1992) suggests that 
nitrogen fixation may contribute up to 16% of the total loading 
of "new" nitrogen to Tampa Bay. If so, the process would be a 
significant source of "new" nitrogen to the bay as a whole. 
From a resource management perspective, nitrogen fixation 
represents an external nutrient source that is not susceptible to 
direct human control. However, it is likely that rates of 
nitrogen fixation occurring within the bay are influenced by 
anthropogenic loadings of other materials (e.g., phosphorus, 
carbon-containing compounds) required by nitrogen-fixing 
organisms. In comparison to other estuaries, the water column of 
Tampa Bay currently contains extremely high phosphorus 
concentrations and unusually low TN:TP ratios (Fanning and Bell 
1985), conditions which may favor higher-than-average rates of 
nitrogen fixation. 
4.3 Denitrification 
Denitrification (the biochemical reduction of nitrate and 
nitrite to N2 gas), carried out by bacteria in anaerobic 
sediments within the bay, represents an external sink for 
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nitrogen that has not been considered in the interim nutrient 
budgets. Although data from Tampa Bay appear to be lacking 
measurements made in other estuaries suggest that denitrifi~ation 
may.re~ove 20 - 55% of annual external nitrogen inputs 
(Se1tz1nger 1988). 
4.4 Other data gaps 
One goal of this report is to identify significant data gaps 
that may inhibit the development of rigorous nutrient budgets for 
the Tampa Bay system. Several gaps that appear to fall in that 
category include: 
o Atmospheric deposition: Active monitoring programs are 
currently underway documenting air quality in west-central 
Florida. Data gathered in other areas indicate that 
atmospheric deposition can contribute a large proportion of 
an estuary's annual nutrient loads. with respect to Tampa 
Bay nutrient budgets, the apparent weaknesses of the 
existing monitoring programs involve the uncertainty of 
long-term funding support, lack of intensive sampling 
directly over the bay surface, and lack of data for certain 
nutrient (particularly phosphorus) forms. High priority 
should be given to efforts to fill these gaps. 
o Non-point sources: For the purposes of the interim budgets, 
a simple spreadsheet-based model developed by Dames and 
Moore (1990) was used to estimate non-point source nutrient 
loadings to the bay. That model has not yet been calibrated 
or validated for the Tampa Bay watershed. While the 
uncalibrated model has proven useful for comparing relative 
loadings among drainage basins, it should not be expected to 
provide accurate estimates of absolute loadings to the bay 
(Dames and Moore 1990). Development of a calibrated and 
validated non-point source loading model should receive high 
priority, to support the future construction of more 
accurate nutrient budgets and bay water quality models. 
(The Tampa Bay National Estuary Program has recently funded 
a project to calibrate the hydrologic portion of the Dames 
and Moore [1990] model in selected sub-basins within the 
watershed.) 
o Domestic wastewater treatment and disposal: In addition to 
the effluent discharged directly to surface waters from 
permitted wastewater treatment plants, the sewage treatment 
process involves other potential sources of nutrients that 
may enter the bay through a number of poorly-monitored 
pathways (e.g., surface runoff, aquifer discharge). 
Examples include: (a) re-use of treated effluent as 
irrigation or cooling water in residential, agricultural, 
and industrial operations; (b) leaching of effluent from 
percolation ponds, septic system drain fields, and other on-
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site sewage disposal systems; and (c) surface runoff and 
subsurface leaching from sewage sludge disposal areas. High 
priority should be placed on the estimation of nutrient 
loadings exported to the estuary from such sources. 
o Industrial point source discharges: Discussions with 
Florida Department of Environmental Regulation staff suggest 
that a number of industrial point sources within the 
watershed are not currently required to monitor or report 
nutrient discharges. High priority should be placed on the 
removal of this data gap, a step that could apparently be 
accomplished without great difficulty through the point 
source permitting process. 
o Estuarine circulation and nutrient transport: Circulation 
of water within the bay determines movement patterns of 
nutrients and other pollutants and their residence times 
within individual sub-basins. Improved understanding of 
circulation is needed to allow more accurate estimation of 
nutrient outflow rates from the bay and rates of nutrient 
exchange between the bay and adjacent coastal waters. It is 
also needed to support the development of rigorous water 
quality models for the bay. Fortunately, a three-
dimensional circulation model for Tampa Bay is currently 
under development by NOAA's National Ocean Service and the 
University of South Florida. A three-dimensional model 
developed at the University of Florida for the Sarasota Bay 
National Estuary Program can also be applied to Tampa Bay. 
Additional two-dimensional and three-dimensional circulation 
models have been or are currently being developed for 
application to the bay. When fully calibrated and validated 
versions of those models are available, high priority should 
be placed on using one or more of them, in conjunction with 
existing water quality data, to derive more accurate 
estimates of water and constituent exchanges between bay 
segments and between the bay and the Gulf of Mexico. 
o Nitrogen fixation and denitrification: These biochemical 
processes represent external nitrogen sources and sinks that 
cannot be controlled, but may be strongly influenced, by 
anthropogenic pollution loadings entering the estuary. 
Accurate measurements of nitrogen fixation and 
denitrification are required to support the development of 
accurate nutrient budgets and water quality models. 
Priority should therefore be placed on measuring the rates 
at which these processes occur under a variety of seasonal 
and environmental conditions within each bay sub-basin. 
o Nutrient exchange with the sediments: with the exception of 
Hillsborough Bay (e.g., Johansson and Squires 1989), recent 
data describing nutrient exchanges between the sediments and 
water column are lacking for the bay's major sub-basins. 
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Processes involved in these exchanges include diffusion of 
nutrients from the sediments to the water column, sediment 
resuspension, denitrification, sedimentation of organic 
material and nutrients sorbed to particulate matter, and 
deep burial of sedimented material. Priority should be 
placed on measuring these processes, which must be 
understood if complete nutrient budgets (and accurate water 
quality models) are to be developed for the Tampa Bay 
system. 
4.5 Bay response to reduced external loadings 
Some previous analyses have suggested that efforts to reduce 
anthropogenic nutrient loadings to Tampa Bay would be 
ineffective, unlikely to cause significant improvements in water 
quality due to the large reservoir of "old" nutrients currently 
present in bay waters and sediments. That hypothesis appears to 
have been refuted, however, by the well-documented improvements 
in water quality that occurred in Hillsborough Bay during the 
1980's following reductions in external nutrient inputs from 
point source and tributary discharges to that bay segment (e.g., 
Boler et ale 1992, Johansson 1992). The information currently 
available indicates that water quality within the bay can improve 
relatively quickly in response to reduced nutrient inputs from 
external sources. 
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Table 10. Estimated ranks of external nitrogen and phosphorus 
sources discharging to the major segments of Tampa Bay. Sources 
contributing <10% of the estimated annual loadings have been 
omitted. 
~ 0 of 
Estimated 
External 
Source: Load: 
TOTAL NITROGEN: 
Old Tampa Bay Lower watershed - point 19 - 43% 
sources 
Lower watershed 
- non-point 23 - 32% 
sources 
Atmospheric deposition 21 - 32% 
Upper watershed - combined 15 - 18% 
point and non-point 
sources 
Hillsborough Bay Upper watershed - combined 47 
- 51% 
point and non-point 
sources 
Fugitive industrial releases 16 
-
25% 
Lower watershed 
- point 6 - 21% 
sources 
Lower watershed - non-point 10 
- 12% 
sources 
Middle Tampa Bay Hillsborough Bay 30 - 50% 
Atmospheric deposition 18 - 24% 
Upper watershed - combined 13 - 25% 
point and non-point 
sources 
Lower watershed 
- non-point 14 - 21% 
sources 
Lower Tampa Bay Middle Tampa Bay 15 
- 50% 
Lower watershed 
- non-point 23 - 40% 
sources 
Atmospheric deposition 22 - 35% 
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% of 
Estimated 
External 
Table 10 (cont. ) Source: Load: 
TOTAL PHOSPHORUS: 
Old Tampa Bay Lower watershed - point 34 - 65% 
sources 
Upper watershed - combined 15 - 31% 
point and non-point 
sources 
Lower watershed - non-point 14 - 23% 
sources 
Atmospheric deposition 7 - 11% 
Hillsborough Bay Fugitive industrial releases 30 - 55% 
Upper watershed - combined 32 - 38% 
point and non-point 
sources 
Lower watershed - point 12 - 31% 
sources 
Middle Tampa Bay Hillsborough Bay 66 - 79% 
Upper watershed - combined 9 - 20% 
point and non-point 
sources 
Lower Tampa Bay Middle Tampa Bay 49 - 76% 
Lower watershed - non-point 9 - 25% 
sources 
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